Figure 1. The Lunar Laser Communication Demonstration on the Lunar Atmosphere and Dust Environment Explorer spacecraft orbits the Moon while communicating with NASA's ground station in White Sands, New Mexico. (Credit: NASA.)
(as seen from the ground station), which showed that wind and atmospheric turbulence did not significantly impact the system. 2 LLCD was even able to communicate through thin cirrus clouds. Operationally, LLCD downloaded the LADEE spacecraft's entire stored spacecraft data in less than five minutes. This normally would have taken several days using LADEE's onboard radio frequency system. The team was able to showcase the fidelity of the link by transmitting LADEE mission data as well as highdefinition video, such as a video message from NASA administrator Charles Bolden that completed the trip to the Moon and back with only seconds in processing delay (see video 3 ).
The space laser terminal transmits a 0.5W IR laser at 1.55 microns (which is eye-safe as well as invisible to the eye) through its 4in (10.7cm) telescope toward the selected ground terminal. The space terminal simultaneously receives the uplink signal transmitted from a 40W laser through telescopes at the primary ground terminal in New Mexico. Both the ground terminal and the space laser were designed, built, and operated by the Massachusetts Institute of Technology's Lincoln Laboratory. The downlink beam is received by an array of telescopes
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that are coupled to novel and highly sensitive superconducting nanowire detector arrays that convert the photons in the beam to bits of data. Information is carried in both uplink and downlink laser beams using high-rate pulse-position modulation along with powerful error-correcting codes. LLCD also demonstrated its added capability of providing continuous measurements of the distance from Earth to the fast-moving LADEE spacecraft with an unprecedented precision of 1cm.
The complete LLCD system also includes two additional ground terminals to provide more opportunities for communication when cloudy weather interferes with signal transmission. JPL has configured its Optical Communications Telescope Laboratory to communicate with the LLCD space terminal and successfully demonstrated downlink communication at 80Mb/s many times. The European Space Agency has also configured its optical ground station to be compatible with the space terminal and communicated with LLCD at 40Mb/s.
The LLCD link is the longest two-way, high-data-rate laser communication system ever demonstrated. And LLCD is only the first step on NASA's roadmap for introducing laser communication as its next-generation space communication system. The next big step will be the Laser Communications Relay Demonstration mission, which is scheduled for launch in 2018 and will demonstrate laser communication at gigabit-per-second data rates for Earth-orbiting satellites continuously over a period of two to five years. 
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